1. The effects of a number of free-radical scavengers and other agents on the stimulation of malonaldehyde production due to low concentrations of carbon tetrachloride have been studied in rat liver microsome suspensions. 2. Promethazine, propyl gallate and NN'-diphenyl-p-phenylenediamine were extremely active in inhibiting the stimulation of malonaldehyde production due to carbon tetrachloride; inhibitory effects were demonstrable with these agents at 0.1 M. 3. Low concentrations (l-100nM) of vitamin E-polyethylene glycol 1000-succinate increased the stimulation of malonaldehyde production due to carbon tetrachloride, but higher concentrations of the vitamin E preparation decreased both the stimulation due to carbon tetrachloride and the endogenous peroxidation that occurs in the absence of carbon tetrachloride. 4. Other agents tested that were effective in the range 1-20,UtM in decreasing the stimulation of malonaldehyde production due to carbon tetrachloride were inosine, desferrioxamine and EDTA.
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Agents tested that were not effective, except at very high concentrations (100,UM or greater), were Nupercaine, Cetab and sodium phenobarbitone. 5. The results are discussed in terms of the mechanisms responsible for the observed inhibitions of malonaldehyde production, and of the relevance of the in vitro system to the liver damage produced by carbon tetrachloride in vivo.
It has been shown by previous studies that carbon tetrachloride stimulates the production of malonaldehyde in rat liver microsomal suspensions in vitro; the stimulation involves an interaction of the halogenoalkane with the NADPH-cytochrome P-450-electron-transport chain present in liver endoplasmic reticulumwhereby free-radical metabolites of carbon tetrachloride initiate lipid peroxidation of the lipoprotein-rich membranes (Slater & Sawyer, 1971a,b) .
There have been several suggestions (for references see Slater, 1966; Recknagel, 1967) that the homolysis of carbon tetrachloride is an important step in the production of liver necrosis by that agent, and it is known that several free-radical scavengers retard the onset of necrosis when administered together with the carbon tetrachloride (see Slater, Sawyer & Striiuli, 1966) . It was considered necessary, therefore, to study the effects of such free-radical scavengers on the interaction between carbon tetrachloride and the NADPHflavoprotein in liver endoplasmic reticulum. In addition, since several surface-active agents retard * Present address: Department of Biochemistry, Brunel University, Uxbridge, Middx., U.K. the onset of liver necrosis in vivo (Bangham, Rees & Shotlander, 1962) it is also of importance to evaluate their action, if any, on the flavoprotein interaction in vitro that results in the production of free-radical metabolites of carbon tetrachloride. In the present paper we have examined the effects of such agents on the production of malonaldehyde by rat liver microsomes, or microsomes-plus-supernatant suspensions, in the presence of a source of NADPH, and with or without low concentrations of carbon tetrachloride. METHODS The rats used were albino females, approx. 120g body wt.; they were fed a modified M.R.C. diet 41B (Oxo Ltd., London S.E.1, U.K.) and water ad libitumn. The sources of rats and the preparation of the microsomes-stock and the microsomes-plus-supernatant-stock suspensions were as described by Slater & Sawyer (1971a) .
Incubation of microsomal suspension with CC14
(2!,l of a mixture with liquid paraffin, 1:1, vlv) and the production of malonaldehyde in the incubation mixtures, measured by the thiobarbituric acid procedure, was as described by Slater & Sawyer (1971a 
RESULTS
Promethazine. This agent was studied over the concentration range 0.001-156/tM. Table 1 shows that promethazine in vitro is exceptionally effective in preventing the stimulation of malonaldehyde production due to carbon tetrachloride; an effect of promethazine is apparent even at 0.1 /M (Table 1) .
Promethazine was also effective in decreasing the stimulation in malonaldehyde production due to carbon tetrachloride in microsomes-plus-supernatant-stock suspensions: for example, 10/tMpromethazine inhibited the stimulation due to carbon tetrachloride by 85% during a 60min incubation at 37°C. The results in Table 1 also show that carbon tetrachloride produced a more striking stimulation of malonaldehyde production in microsomes obtained from rats starved for 42h before being killed than in normal fed rats. Promethazine was also effective in inhibiting the carbon tetrachloride stimulation in these preparations from starved rats. Endogenous peroxidation was not significantly affected by very low concentrations of promethazine (0.1 tM), but was progressively decreased with higher concentrations. The term 'endogenous peroxidation' refers to the production of malonaldehyde by liver suspensions in the presence of stock solution containing NADPH but in the absence of carbon tetrachloride; it must be distinguished from the additional amount of malonaldehyde produced in the presence of carbon tetrachloride (see Slater & Sawyer, 1971b) . The (5pm) inhibitory effect of promethazine on endogenous peroxidation was more pronounced as the incubation time at 370C was prolonged ( Fig. 1) . Vitamin E and inosine. Vitamin E-polyethylene glycol 1000-succinate was studied over the concentration range 0.005-10,um and caused a small increase in the stimulation of malonaldehyde production due to carbon tetrachloride when present in concentrations less than lOOnM; higher concentrations of vitamin E (1-10,UM) decreased the carbon tetrachloride stimulation and also appreciably decreased the endogenous production of malonaldehyde (Table 2 ). Polyethylene glycol 1000 was not effective in decreasing the stimulation of malonaldehyde production due to carbon tetrachloride at concentrations where vitamin Epolyethylene glycol 1000-succinate was effective.
Inosine (0.1 ,UM) had a strong inhibitory effect on the carbon tetrachloride stimulation but did not decrease endogenous malonaldehyde production at this concentration (Table 2) ; on the contrary, endogenous malonaldehyde production was increased by O.1pm-inosine (P<0.001). Inosine was studied over the range 0.1-1 0 M.
Propyl gallate and diphenyl-p-phenylenediamine. Propyl gallate was studied over the concentration range 0.02-20uM and was effective at micromolar concentration in decreasing the stimulation of malonaldehyde production due to carbon tetrachloride (Table 3) . Large decreases in endogenous 1971 824 malonaldehyde production were observed with propyl gallate concentrations in excess of approx.
5PM.
Low concentrations (0.1 .M) of NN'-diphenyl-pphenylenediamine strongly inhibited both the endogenous production of malonaldehyde in microsomes-stock suspensions and the stimulation of malonaldehyde production due to carbon tetrachloride (Table 3 ). The range of concentrations studied for this agent was 0.1-10juM.
EDTA and desferrioxamine. Low concentrations of EDTA (approx. 1,UM) and desferrioxamine (0.1 ,UM) increased the carbon tetrachloride effect on malonaldehyde production (Table 4) , but higher concentrations of these agents (5-20 and 1 ,UM respectively), strongly inhibited both endogenous malonaldehyde production and the carbon tetrachloride stimulation.
Sodium phenobarbitone, sodium dodecyl sulphate, Nupercaine and Cetab. Sodium phenobarbitone was not effective in decreasing the stimulation of malonaldehyde production due to carbon tetrachloride when present in the concentration range 0.1-50,UM. At very high concentrations, however, sodium phenobarbitone had an inhibitory effect (Table 5 ). Nupercaine and Cetab behaved similarly to sodium phenobarbitone in having no significant effect on the production of malonaldehyde when present in low concentrations (0.02-20OM); at high concentration (500/tM) both agents decreased the endogenous production of malonaldehyde as well as the additional stimulation due to carbon tetrachloride (Table 5) . A high concentration of sodium dodecyl sulphate had the opposite effect; it stimulated both endogenous malonaldehyde production and the increased production due to carbon tetrachloride. Low concentrations (0. 1-32,uM) of sodium dodecyl sulphate had no significant effect on the systems studied. DISCUSSION Rat liver microsomes readily undergo peroxidative changes during incubation at 370C; the addition of NADPH increases the rate of reaction.
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This 'endogenous' in vitro peroxidation is, to some extent, associated with the iron content of microsomal suspensions (Hochstein & Ernster, 1963; Wills, 1969) . The additional peroxidation produced by the addition of low concentrations of carbon tetrachloride, although probably involving a smaller segment of the NADPH-cytochrome P-450 sequence than does the endogenous reaction (Slater & Sawyer, 1971b) , may also involve the participation ofmetal ion as shown by the inhibitory action of EDTA and of desferrioxamine (Table 5) . However, although promethazine is known to chelate iron (Borg & Cotzias, 1962) it is unlikely that the inhibitory action of this phenothiazine derivative is exerted through such a mechanism. Promethazine inhibits the stimulation of malonaldehyde production due to carbon tetrachloride at concentrations as low as 0.1[pM (Table 1) ; at such very low concentrations promethazine does not affect aminopyrine demethylation or NADPHcytochrome c reductase (T. F. Slater & B. C. Sawyer, unpublished work), and is most probably acting as a free-radical scavenger. This is a well-known property of phenothiazine derivatives (see Murphy, Ravner & Smith, 1950) .
Other substances that have been found to inhibit the stimulation of malonaldehyde production due to carbon tetrachloride in vitro at micromolar concentrations were: vitamin E-polyethylene glycol 1000-succinate, propyl gallate, inosine and NN'-diphenyl-p-phenylenediamine; at such low concentrations it is likely that these substances are likewise effective by a free-radical-scavenging function. The results with inosine are of particular note. Matsushita, Ibuki & Aoki (1963) showed that purine bases were as effective as a-tocopherol in inhibiting the autoxidation of linoleic acid; they found also that oc-tocopherol acted as a pro-oxidant in low concentrations in contrast with its antioxidant action at higher concentrations, an effect similar to that described in Table 2 . Inosine occurs in high concentrations in rat liver endoplasmic reticulum; its concentration is approx. 0.1 umol/g equiv. of microsomes (Siekevitz, 1955) ; consequently, it is one of the major endogenous antioxidants of the microsome fraction.
In general the inhibitory effects of the free-radical scavengers studied here on endogenous peroxidation were noticeable only at considerably higher concentrations than required for severe inhibition of stimulatory action of carbon tetrachloride. This finding is consistent with the conclusion outlined by Slater & Sawyer (1971b) that endogenous malonaldehyde production involves a different sequence of electron carriers in the endoplasmic reticulum from that involved in the stimulatory action of carbon tetrachloride. Considerably higher concentrations of the free-radical scavengers, however, do inhibit the endogenous pathway, as is well known from previous studies with microsomes in the presence of ADP and iron (Hochstein & Ernster, 1963) . Table 2 . Effects of vitamin E-polyethylene glycol 1000-succinate (vitamin E) and inosine on the increased production of malonaldehyde due to carbon tetrachloride in microsomes-plus-supernatant-stock s8uspensions
The suspensions were incubated for 60 min at 370C with and without carbon tetrachloride in the side arms of Warburg flasks. Standard stock solution was used in these experiments. For other details see Table 1 (6) 7.0 (6) 12.5 (6) 15.5 (6) 18.0 (6) 15.7 (4) 18.7 (4) 9.0 (4) 9.2 (4) 4.4 (6) 10.7 (6) 7.9 (4) 11.7 (4) 7.5 (6) 11.6 (6) 7.5 (6) 8. The inhibitory effects of the surface-active agents reticulum. It is known that by altering the con. Nupercaine and Cetab at high concentrations on formation of the microsomal lipid (by heating to both endogenous peroxidation and on the stimula-600C followed by solvent extraction) decreases its tory effect of carbon tetrachloride probably arise rate of peroxidation by the NADPH-linked system through alterations in the lipoprotein environment (May & McCay, 1968) . The ionic charge on the of the electron-transport chain in liver endoplasmic detergent is important for this effect, however, for similar high concentrations of sodium dodecyl sulphate (an anionic detergent) increased both endogenous peroxidation and the stimulation due to carbon tetrachloride (Table 5) . Since both endogenous peroxidation utilizing NADPH, and the stimulation of malonaldehyde production due to carbon tetrachloride, involve the NADPH-flavoprotein (Slater & Sawyer, 197 lb) it is apparent that inhibitors of the flavoenzyme will inhibit both of the peroxidative routes. An example of this behaviour is observed with relatively high concentrations of propyl gallate (Table 3) . It has been found that propyl gallate will powerfully inhibit NADPH-cytochrome c reductase when added in a final concentration of greater than 1O0uM (Torrielli & Slater, 1971) ; this property of propyl gallate should be distinguished from its free-radical scavenging action at much lower concentrations (e.g. 0. I pm).
In this paper it has been shown that low concentrations of a number of free-radical scavengers decrease the stimulation of malonaldehyde production due to the presence of carbon tetrachloride in rat liver suspensions. The mechanism probably involves the removal of the highly reactive trichloromethyl radicals by reaction with the scavenger. This mechanism would account for the activity of such scavengers in vivo in attenuating the toxic effects of carbon tetrachloride. Other agents studied here (e.g. (Nupercaine, Cetab) are also active in vivo in decreasing the liver disturbances produced by carbon tetrachloride, and yet have no pronounced inhibitory action on the stimulatory effect of carbon tetrachloride on malonaldehyde production in vitro, except at very high concentrations.
